Charging of the Experimental High Temperature BTES Via CHP Unit - Early Results  by Grycz, David et al.
 Energy Procedia  48 ( 2014 )  355 – 360 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer review by the scientifi c conference committee of SHC 2013 under responsibility of PSE AG
doi: 10.1016/j.egypro.2014.02.041 
SHC 2013, International Conference on Solar Heating and Cooling for Buildings and Industry 
September 23-25, 2013, Freiburg, Germany 
Charging of the experimental high temperature BTES via CHP unit 
- early results 
David Grycz, Petr Hemza, Zdeněk Rozehnal 
Green Gas DPB, a.s., Rudé Armády 637,  Paskov 793 21, Czech Republic 
Abstract 
A new, experimental borehole thermal energy storage (BTES) has been constructed in Paskov, Czech Republic. The storage 
consists of 16 energy boreholes performed to the depth of 60 m. In the boreholes the excessive waste heat from the CHP unit is 
stored. In this paper the BTES design and results of the rock environment response to the BTES charging and resting phase are 
briefly presented.  
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1. Experiment objectives 
In foreign countries attention is paid to the construction of BTES both in the field of theoretical research and also 
practical implementations in specific sites. [4] The study of the influence of high-temperature energy storage in the 
rock environment was performed by a research group of the International Energy Agency (IEA), called Energy 
Conservation through Energy Storage (ECES), under the supervision of prof. Burkhard Sanner, particularly under 
research project No. 12 – Annex 12, High-Temperature Underground Thermal Energy Storage (HT UTES). The 
results and the final reports and general recommendations for the construction of high-temperature heat storages can 
be found on the websites of ECES [1]. The TRT utilization for design of UTES is studied in ECES – Annex 21 
(Thermal Response Test for Underground Thermal Energy Storages) [2]. The advantages and problems of the use of 
BTES are summarized in [3] 
Several underground heat storages (BTES type), where the rock environment itself is used for the heat storage, 
have been constructed throughout the world. Nevertheless, there is not much experience with the storage of thermal 
energy with a higher temperature of the circulating fluid (70-90°C). The reason is that in most cases the thermal 
 2014 The Authors. Published by Elsevier Ltd. 
l tion and pe r review by the scientific conference committee of SHC 2013 under responsibility of PSE AG 
356   David Grycz et al. /  Energy Procedia  48 ( 2014 )  355 – 360 
energy is supplied rather for the purposes of thermal regeneration of boreholes for heat pumps. There are not many 
finished projects where the heat is stored for a long time and subsequently directly used for heating without heat 
pumps. 7 such projects are known to the authors. They are located at the following sites – Okotoks (Canada) [6]; 
Golm, Neckarsulm, Crailsheim, (Germany) [5], Anneberg, Emmaboda (Sweden), Braedstrup (Denmark). Other 
purely experimental heat storages have been built beside these sites, such as at the university in Swedish Lund. 
 
Cooperation between the VŠB – Technical University of Ostrava, Faculty of Mining and Geology and the 
company DHI, a.s. has overseen the first high-temperature experimental BTES in the Czech Republic operating 
since 2011 at the site of the company Green Gas DPB, a.s. This storage, constructed with the support of the 
Technological Agency of the Czech Republic (TACR), stores excessive waste heat from the Combined Heat and 
Power (CHP) unit. The aim of the experiment is to assess the behaviour of the rock environment and the storage 
system as a whole, and to verify its reactions to various operating states simulated in the heat storage, both in heat 
storage charging and in heat consumption from the storage. In contrast to the daily or annually varying charging 
cycles when storing heat from solar panels, the excessive waste heat from CHP unit enabled us to study the 
conditions development in the rock environment during continuous heat supply. 
2. BTES design 
The heat storage consists of 16 energy boreholes performed to the depth of 60 m. In these boreholes, warm water 
from the CHP unit circulates and delivers the heat to the surrounding rock environment. The energy boreholes are 
completed with six monitoring boreholes where the temperature in the specified depth levels of the rock massive is 
measured. Four out of six monitoring boreholes with the depth of 15 m are located at the edges of the heat storage 
and are used for monitoring temperature development in the water-bearing rock environment. The central 
monitoring borehole is 80 m deep and its data enable studying the temperature development in the central part of the 
heat storage. In the distance of 8.5 m from the edge of the storage an additional monitoring borehole to the depth of 
60 m has been drilled. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Fig. 1. Scheme of the horizontal pipes and boreholes position (EV – charged energy boreholes, VM – monitoring boreholes) 
The energy boreholes are fitted the same way as the boreholes for heat pumps – a double U tube is sunk into each 
borehole. Each borehole is filled with concrete-bentonite mixture to ensure better heat transfer across the whole 
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length. The only difference when compared to the classical fitting of boreholes for heat pumps is the material for the 
U tubes and horizontal pipeline systems. In our case, PE-RT – polyethylene with high resistance against high 
temperatures has been used. The boreholes are always two in a series; therefore there are eight loops, each with two 
boreholes, see Fig. 1.   
3. BTES construction 
The works began with the selection of a suitable site for the storage location. The limiting factor was the amount of 
ground water in possibly saturated collectors and especially the rate of the water flow. In the case of substantial 
saturation of the rock with groundwater and its fast flow, high losses of stored heat may occur. The heat is 
continually transported by water in the direction of the flow outside the heat storage. The site had to have a suitable 
geological composition with a low portion of loose porous rocks, and it also had to be well accessible for heavy duty 
vehicles during the boreholes drilling and have a sufficient area for the location of the heat storage itself at the CHP 
unit. From the point of view of the abovementioned requirements, the site within the boundaries of Green Gas DPB, 
a.s. in Paskov was selected as the most appropriate. The site had the lowest verified thickness of water-bearing 
quaternary sediment. The schematic geological profile in the site of the constructed BTES is visible in Fig. 2. The 
underground storage system itself is located in a partially closed covered object, which partly eliminates external 
climatic effects. 
 
The geological composition is well-known from exploring boreholes and from the course of the drilling itself. 
From the surface to the depth of ca. 8 m the geological profile is formed by the clay, sand and gravel of river 
terraces of the Ostravice River at interval depths from 3 to 8 metres aquifers. Under these quaternary sediments up 
to the final depth of 80 m there are claystones with thin layers of siltstones and sandstones. These layers are 
absolutely without aquifers. The schematic geological profile is shown in Fig. 2. 
 
A series of thermal response tests (TRT) were performed on 8 of the 16 boreholes. The average measured value 
of thermal conductivity ߣ  and thermal resistance ܴ୆  from all eight TRT measurements is 2.17 W m-1 K-1 and 
0.078 K m W-1. The value of thermal conductivity is in agreement with the values presented for dry claystone in 
other literature. 
 
 
Fig. 2. The schematic geological profile 
3.1. Operating modes 
In the charging mode, the warmer water is at first driven through the boreholes in the inner part of the heat 
storage to the boreholes at the edge, the charging of the heat storage is thus performed from the centre to the edges. 
In the mode of discharging the process will be reversed and water will circulate from the edge parts through the 
centre. The division of the heat storage into the inner and outer zone ensures creation of a warmer core of the heat 
storage with lower losses to the environment when compared to individually connected boreholes. The circulating 
medium in boreholes is pure water. 
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Table 1. Details of the borehole system. 
 
Element Specification 
Borehole  
  Effective borehole depth 60 m 
  Borehole diameter 120 mm 
  Borehole filling material Cement – bentonite mixture 
  Surrounding ground type Sedimentary rock 
Heat exchanger  
  Type Double U-pipe 
  Material PE-RT 
  Pipe outer diameter 32 mm 
  Pipe thickness 2,9 mm 
  Thermal conductivity 0,45 W/(m K) 
  Shank spacing Not controlled 
Circulating fluid  
  Type Water 
  Thermal conductivity 0,600 W/(m K) 
  Freezing point 0 °C 
  Specific heat capacity 4182 J/(kg K) 
 
3.2. Control and monitoring system 
The whole installation is equipped with a control and monitoring system. This system enables both the setting of 
various operating modes, temperatures and flow rates in the system, and also to monitor the temperature of the 
flowing heat-carrying liquid in the specified measuring points, and the rock temperature at various depth levels of 
the heat storage. The measurement of the amount of stored and withdrawn heat is also possible. The measured data 
are processed on-line and the current situation and conditions in the heat storage are available through a well-
arranged visualisation on the website. 
4. Results 
4.1. Charging phase 
The charging of the heat storage started in February 2012 and it was stopped in February 2013. At the end of this 
first cycle 2000 GJ of thermal energy has been stored in the ground. Charging was carried out continuously except 
for brief operational and service breaks. The cumulative energy development throughout the entire charging phase is 
shown in Fig. 3a. The steady periods of the curve indicates that due to pressure tests and operational breaks of the 
CHP unit the charging was stopped. The highest temperature reached 75 °C in the depth levels 15 to 30 m below 
surface inside the central monitoring borehole; it means temperature increase of 63 °C from the initial 12 °C. The 
temperature sensors in the central monitoring borehole are situated at a distance of 1.77 m from the energy 
boreholes, so the rock temperature in the nearest surroundings of the energy boreholes is expected to be even higher 
than 75 °C. The temperature development in the selected depth levels throughout the entire charging phase is shown 
in the Fig. 3b. 
The maximum input temperature from the CHP unit to the storage didn’t exceed 97 °C. The charging was 
stopped due to a steady decline in the BTES temperature development, which has been observed in the last weeks of 
this phase. This decline indicated that the storage was approaching to its thermal capacity limits.  
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Fig. 3.  (a) cumulative energy development and (b) temperature development in the selected depth levels of the storage 
 
Temperatures inside of shorter monitoring boreholes increased up to 47 °C. According to their position to 
groundwater flow direction, the highest recorded temperature in the shorter monitoring boreholes varies between 33 
°C to 47 °C. The maximum temperatures in these monitoring boreholes are observed in the depth of 6 m below 
ground, in which the groundwater flow occurs. 
4.2. Resting phase 
During the resting phase the temperature development of the fully loaded storage is being observed. In this phase 
no heat is delivered into or removed from the storage, this gave us unique opportunity to observe and measure 
cooling and stabilization of the temperature conditions in and around the BTES. The resting phase took 189 days 
(18.2.213 – 26.8.2013). The temperature in the central monitoring borehole dropped to average 40 °C, minimum 
temperature (35.8 °C) was reached in depth 60 m. In the shorter monitoring boreholes the minimum temperature 
dropped from the average 37.5 °C to average 30.8 °C at the end of the resting phase. The fluid temperature in the 
boreholes dropped from 60 °C to 39 °C at the end of the resting phase. The temperature development in the selected 
depth levels of the storage throughout the entire resting phase shows Fig.4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 4.  Temperature development in the selected depth levels of the storage (resting phase) 
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5. Future plans 
The resting phase was ended on 26.8.2013. On this day the charging of the BTES was restored. We plan to 
charge the BTES storage to its full capacity, according to our expectations this should be achieved around the turn of 
the year 2013 / 2014. During the year 2014 we plan to simulate the operation of fully charged BTES at different 
operating situations. This phase should be close to operating conditions of real BTES, which is charged with hot 
water from solar panels. The charging of such storage has daily cycles, caused by changing of the day and night. 
Also the demand of the heat from the real BTES is different at various parts of the day. 
 
This experiment should clarify the conditions for the storing of heat in this type of storage. We see great 
opportunities of utilizing of the excess waste heat from industrial processes, combined heat and electricity 
production or solar panels by heat storing in such types of large storages. 
 
The results of this testing will be also used as a base for mathematical modelling of heat transport and storing 
processes in the ground. 
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